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© Adheson variants, nucleic acid encoding them and compositions comprising them. 

© Novel derivatives of cell surface proteins which are homologous to the immunoglobulin wpMjv 
Udhesons) are provided. Am.no acid sequence vanations are introduced into adheson. the ^«^tewor^y of 
which are those in which the transmembrane and. preferably, cytoplasmic domains are rendered functional y 
inactive, and in which adheson extraocular domains replace an immunoglobulin variable region These vanan ts 
are useful m therapy or diagnostics, in particular. C04 variants are therapeutically useful .n the treatment of HIV 
infections w 
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characteristics ol me acquired .mmunodeficiency syndrome (AIDS) (H. Lane tupfal 

characteristics m «w «w« «~ . . . rnA T norma) donors and AIDS patients 

me observation ma. monoclone. J ^Oc^oal et at.. J. Immunol. 135:3151 

the finding that miv i tropin can « . 47.333 [198 6]). Furthermore, the neurotropic 

V447 [1985]: S Koemg. Science 233:1089 11986]: 0. Ho et a... N. Engl. J. Mid 313 .1498 [19851 ■ jj^ry J 

^^c^™,^^ ction. the M cytopath, effect, nn 

me nfited ho« eel appears to involve CD4. Antibody to C04 was found to mhiM the jusion of uninfected 
cl T cS, H.vTn.ec«ed cells .n vjtro: moreover, the g»n« « c ^^^^,7 
event die shortly after being formed resulting* the depletion of the populate of C04 cells £ 
See 232 U23 [1988]) Formation of syncytia also requires gpl20 expre„.on. and can t» .elicited (by 
Sunn^D^Uve'cei. lines *» ce.l lines i^^^T^S 
structural or regulatory protein, (J. Sodroski e. al.. Nature 322:470 [1986,; - 

n?«]). Thus, fn mediating bom the mitia. infection by H.V.. as well as '^.^^^J^SZ 
between gpi20 and GO* constitutes one of several cntica. entry points « the viral Me cycle amenable to 
therapeutic intervention (H. Mitsuya et a!.. Nature 325:773 [1987]) ^tracaiiular 

Tie known sequence of me C04 - precursor pred.cts a hydrophob.c s.gnal peptide, an •*t««" u ' a ' 
reg.on of ^prox^ately 370 am.no acds. a highly hydrophobic stretch w,m *S"'^V T of 
Srane-^mng dlain o. the cass U MHC beta chain, and a h,gh.y charged mu.ee. Mar 

Madden. Cell 42:93 [1985]). The eKtraceHu.ar domarn of C04 cons.s,s or four con«,g^us 
Lis each hav.ng am.no a55 and structural s.milanty to the vanable and ,o.n.ng (V-J) domams of 
ZZc££& c-ns as wen as re.ated regions , ^l^^ 
super. vn.ly (a subclass of which are defined herein by the coined term adhesons . Thesa _struct u rally 
s.mila. reaons of C04 are termed me V.J.. V,J 2 . V,J, and V.J. domains (denom.nated 1-4 .n F.g. 3V 

A iulwssfui strategy .n me development of drugs for me treatment of many receptor mediae* 
JZnZZ "hi tJZ> .demi.««»n of antagonists w*ch Wock bmd.ng of me nature, ugand. S.nce the 
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C04 adheson ord.nanly binds to the recognition sit*. of the HIV "veto* rtwoukl * 
to thvweutk^v .aw^ttring these HIV sites; thereby blocfang v.ral infectrvrty. However, h^ength C04 
^^Ta^s^ToZ^^ protoin. which are anchored * the lip* bilayer of lymprwcytes. The 
o^n^ane components w.l be undesirable from the m+m of m"*^* £ pu*cj- 

, Son m addibon. since adheson. ere normally present only on cell surfaces, * would be 

produce ^nesons in a form which is mor stab* in the circuit. Addittnaily. «« truncated, soluble 
CtiZSZS*** retorn* to as C04T) may not be optimal* ertoctrve as. ^utc*rK«, 
^WTreiatevely short biological halMKe. binds to HIV no better than cell surface C04. may not cross 
K^ti^^iSt^ «d *** « rn^y »qu«*r. me HIV recognition site, wrthout .n 

10 itself bairmg an wfected<ell killing or virus killing functionality. 

Accordingly it is desirable to produce sotubte. secreted adhesons. it « also dearaWe » produce C04 
ajtfv^ Sefu. in the treatment of AIDS and related conditions, in a manner essentially uruMected by the 
e^nTde^ S £Tc van.bon ob^r^d among various HIV-t isolates 

po^pW iJ.cJn. Cel. 48:t [1986D. « is «ur*er » "^^J^ 

ortvoeotides in order to provide molecules with novel functicnahties such as those described above for 
S21 H-gnoSic reagents for me m wUomuf of -hewn, or Mr lig*»d». in pM** « « 
ae^to prepared I molecules for directing toxins or effector modules (tor e«mp* the Fc ^n of 
^unogtoti) to cells beer-no receptor, tor the Ihwons. ^ HIV gp,20^^ of CD4. ondto 
UM in facilitating purification of the afflvssons. It is further desnble to provKie stable, rughly punfied 

X ^ZS£*» proves nucle.c ac* encoding an am.no acid seo^nc. van.nt of an ^-n 
part.cu.ar a vanant ,n which the trans-membrane dom«n is modified so that «■ notonger c^bte of 
Scorning lodged ,n the cell membrane, i.e. inactivated, for e«mpte. by delete of substtufon. In the case 
of C04 such variants are termed CD4 n _ _ . . n . 

« Vanan, adheson, we produced by a method comprising (a) transferring a host cel. w.th "^aod 
encoding an am.no ac.d sequence variant of an adheson. (b) cuituring the host cel. and (c) recovering the 

variant adheson from the host cell culture media. 

in another embodiment the invention proves an adheson variant selected from the group cons.st.ng of 
(a) an adheson am.no ac.d sequence variant taring an inactivated w$mOT ^J^^ d ^ h 2 J 

30 polypeptide composing an adheson extracellular domain fused to the sequence of a polypept.de whch .s 
SleS from me adheson this latter selected from a cytotox.n. an immunogen or an immunoglobulin 

COf1 Ta Sr n ed embodiment a polypeptide comprising a gpl20 binding domain of the C04 adheson * 
fused at its C-terminus to an immunoglobulin constant domain, or is linked to a cytotox.c polypept.de such 

* " ' The CD4 adheson variants provided herein are purified and formulated « pha/macolog.caJly acceptable 
vehicles for administration to patients in need of antiviral or immunomodulatory therapy, m pamcuisr 
patients infecte^ith HIV. 
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Brief Description of the Drawings 

Figs ia-ic depict the amino ac.d and nucleotide sequence of a secreted form of the CD4 adheson 
(CD4T). Other forms of C04T terminate at Ser 366 or Pro 368. The signal processing site « designated with 

30 afr °Figs. 2a-2c depict the amino acid and nucleotide sequence of a fusion of the herpes gD leader and 
N-termmal 27 residues to the putative mature N-terminus of CD4T. 

Fig. 3 depicts the structural elements of the native and so.ubie CD4 antigen, the nat.ve im- 
munoglobulin G heavy W) chain and two exemplary heavy cha.n-CD4 chimeras. 

Figs. 4a-4b are a map of the linkered .mmunoglobulin y chain fragment employed m the preparation 
of CD4 fusions, insert sites are designated y\ and Fc 

Fig. 5 is a map of a human light chain fragment useful for CD4 fusions at the arrow flanked by V h J, - 
(light variable and joining) and C k (light constant) 

Detailed Description 
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&*h*««u are cell surface poly peptides hav.ng an extracellular domain which is homologous to a 
JS^^Z£S g^neZerfamHy. exCuding. howler. W P*ymorpfcc member, o. tn.s 
TZZLt ^T^xTthe group of class t and dass II major h.stocompat*,.ity antigens, .m- 
Z^Z^T^Z^ Tt. , an. , chains. E*«np*. of adheson, .nc.ude C02 CM ; CO* 

. rw^Ti and « chains of CD3. OX-2. Thy 1 . me intercellular or neural cell adhe*on molecules (l-CAM 

5 ?ZZ y '££22£ £L (NCP.3, PCy-K, receptor. my^«soci«^ g.yeoprotern «MAG) h*h 
r«in,t5 Tec^tcTme ma^r glycoprotein of peripheral myeiin (Po> *** <*£*J^™ 
fSor coioT coating factor-l receptor. macrophage Fc receptor. Fc gamma raptor, .*c car- 
^mbrvon* antioen Homologous as defined herein means having me sequence of a member of the 
imTu^Sn^supXTi having a sequence therewith* w*ich haa substantia.* the same as (or 
ri^^l^Tan^o aid UuencVnomotogy to a known member of the superfam.ly as tr* spec** 
IZZ7^^^ « t^Uuence of an immunogtobuUn viable or constat doma,n. Preyed 
^bosons are C04 COS and high affinity IgE receptor. 

T^in^t-on is particular* concerned with amino ac,d sequence vaunts of adheson,. Ammo acid 

„ , J^eTaS o' arsons Ire propped with various objective. ,n mind. '^^"Z^ 
of meadheson for .ts tending partner, facilitating the stability, purification and preparation of the adheson. 
t^STZ^ £> ^proving therapeutic efficacy « describe above .n me ^ 
mrodua% additional functionalities end lessemng the severity or occurrence of SKle effects dunng 
%Z£Z u« of the adheson Amino acid sequence variants of adhesons faH into one or a comb.nat.on of 

x me following classes: insertions!, substitutional or deletion* vanants 

insert^* am.no acid sequence vanants are those in wh,ch one or more ™™ 
extraneous to me adheson are introduced into a predeterm.ned site .n the adheson .ncludmg the C or N 
elTTuch giants are referred to as ,us,ons of the adheson and a 

Such other polypeptides contain sequences other than those which are normally found hi the adheson at 
» me £Z?2Z Several groups of fusions are contempiated herein, hnmunotogteally active" adheson 
£XZ££ an adhesc/and a polypeptide combing a non-adheson ep-tope. The "on-adheson 
epTope ,s an^mmunotogically competent po.ypeptide. i.e.. any po.ypeptide wh*h ,s capable el.c. ,ng an 
11 response .n 2 animal to which me fusion is to be administered or 

bound bv an antibody raised agamst the non-adheson po.ypept.de. Ty P .C nc«-adhes™ epitope > be 
» mose -hich are borne by ailergens. auto,mmune ep. topes, or other potent .mmunogen, or aniens 
recognized by preexisting antibod.es in me tus.on recount, including bactena. po yp^tKies such as trpL^ 
b^alactoJdase. viral iUpeptides such as herpes gO protein, and the « * « » ™ 

produced by cross-link.ng in vrtro or by recombmant cell culture transformed wrth DNA encoding an 
;mmunogen.c po.ypeptide. It's -preferable mat the immunogenic fusw.be one in J"™"^ 
, 5 sequence .. ,c.ned to or inserted .nto the adheson antigen or fragment thereof by a «^»>J"*" 
oroducts therefore consist of a ..near polypeptide cha.n con«a.n,ng adheson epitopes and 
ep.ope .o-e.gn to the adheson It wil. be understood that it is with,n ,he scope of this .nvention to -mr^oduce 
me elopes anywhere w,.h.n the adheson molecule or fragment thereof. Such fus.ons are conven.en«y 
made m recombinant host ceils or by the use of Afunctional cross-.ink.ng agents. The use of a °osmng 
« agent to (use the adheson to me .mmunogen.c polypeptide is not as des.rab.e as a ..near tus.on because 
me cross-linked products are not as easily synthesized in structurally homogeneous form 

These .mmur.ogen.c insertions are particularly useful when formulated .nto a pharmacolog.cally accept- 
able earner and adm.nistered to a subject .n order to ra.se antibodies against the adheson. wh.ch ant.bod.es 
,n turn are useful in diagnostics or m purification of adheson by .mmunoatfin.ty techntques known per se. 
*s Alternately, -n the punfication of adhesons. b.nding partners for me fused non-adheson polypeptide^ e^ 
antibodies, receptors or ligands. are used to adsorb tne fus.on from impure admixtures, after wh.ch the 
ius.on .s eiuted and. if des.red. the adheson is recovered from me lu$.on. e.g. by enzymatic ctoMfJ*- 

Other tus.ons. wh.ch may or may not also be immunologically acuve. .nciude tus.ons of the aohes.on 
sequence w.th a s.gnal sequence heterologous to the adheson. fus-ons of transmembrane-modif.ed CD4 
so adhesons. for exampte. to polypeptides hav.ng enhanced plasma half life (ordinarily >about 20 hours> such 
as immunoglobulin chams or fragments thereof, and fus.ons w,th cytotox.c funct.onal.ties S.gnai sequence 
fusions are employed in order to more expeditiously direct the secretion of the adheson. The heterologous 
*gna. replaces me native adheson s.gnal. and when me resulting «us.on .s recogn.zed. -e. processed and 
cleaved by the nost ceil, the adheson .s secreted. Signals are selected based on the intended host ceil. and. 
ss may include bacterial yeast, mammalian and v.ral sequences. The herpes gO glycoprotein signal <s su.tabMj 
for use m mammalian expression systems rfV4 
Plasma proteins wh.ch have enhanced plasma half-life longer than that of transmembrane mod.f.ed CD4 
.nciude serum album.n. immunoglobulins, apolipoproteins. and transternn. Preferably, the adheson-plasma 
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pro*n fu*on,s not ^nH^^mmu^c^ ** animal in which it*i us* ml*. P*ma protein does 
not cum undesirable** effects inpatients by virtue of its normal bM*og*al activity 

T. sp^HnbcSi* the adheeon constant andix «M» reg*rv«k. *xna,n^con,uaa«cl 

TTT -eu~*a The resuttina products ar referred to herein as immonoad- 

ZZXZ^^S*^™ STr^n and many have been prep**, m 

xjama M982V EP 120 694: EP 125.023: Morrison. J. Immun. 123:793 (1879). KChler et al.. * us* 
Sfr Raso "Tcineir *»■ 41*073 (1981): MorrfcoTTet al.. Ann. Rev Immunol. £^90^ 
IT ^w^a^li n985V Morrison et al P.N*.S. USA 81*851 (1984): EP 255.694: EP 266.663: 

na^SS^tTh-- C-termiruUly to the r+terminu. of the consult nsgic* ^^"^ 
ftf ^ tfanafi(0 reoiorHsHike thereof, retaining at least functionally active hinge. CH2 and cms 
dSLs cTthe c^^X o! an immuncgk*! heavy ch*. This ordirujh.y is «xomp..shed by 
^ZLnl m £o^a£?NA sequence andexpressing it in recombmant cell culture, immunoglobulins 
rXXST"^^ pfcsm. «. «• are fused to the extracellular or ligand *nd,ng 

TSiSf'SL «VSZZ«~ (V1-V4, are. respecively. about 100-109 a^T, 

,84. aocTS^ r ZZSZTJZ S°v B 2=r= IT : 2 

.mmunoltobuyn constant reg.cn. The prec.se s„e at which me fusion,, made ^"'^J** 0 ^ 
doma.nTno.ed here* are «or g«danc. on,y and other sites ne^hbonng or "J" *• Mjg«£ may be 
selected in order to optimue the secretion or binding charactenst.cs of the C04. The optimal sue w,H be 

exper.mentat.on. In general, it has been found mat 
Tntraceiiuiarly but a great deal of variation .s encountered in the degree ot secretion of the fuswns from 

instance, the fo.tow.ng «» demonstrates the ^^SlS^S 
have been obtained by the method of th.s invention. In all examples of C04 .mmurwadhesons. the CD4 
used to *L secret .rom 293 cells. Lower ca» m represent, murine ^Mke* 
case h designates human origm. V and C are abbreviations lor enmunogtobuhn var.ab«e ^constant 
Snains respectively. The numerical subscnpts .ndicate the number of parenthetca. units found « the 
ZZOLi 7Z2J. '« » understood *■ me ch«n, of the mu.timer, are belief 
ZL .n the same lash.on as native immunoglobulins. The C04 immunc^he^s typically conu*ned 
JTre «rst N-termina. 366 res.dues o» C04 (C04.) or the first 180 N term.nal r.,.dues of C04 (C04,, 
linked at their C-term.nus to the . (light) cha.n or igGi heavy cham constant reg.on ( 7 1>. 
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C«V lt C ( ,)2(«V 7 lC 7 l)2 ♦ 
■VgC* and/or («V < ,C < )2 



hCD4-BC. and/or (hCD4-«C (l )2 



hO*-«C« ♦ hCD4-»C 7 i 



ND 



(bd)4-«C (l )2(hC0**«^7l)2 + 
hCD4-aC. and/or (bCDfr-»C (8 )2 



hCD4-hC« 



hCD4-hC K and/or (hCD4'hC*)2 

(hd>4-hC lt )20»CD4.hC 7l )2 ♦ 
hCD4-hC« and/or 0*C0*-hC (t >2 



(■V«C«)2(t»Cl>ft- ,lC 7l ) 2 * 
■V^C, and/or (•V W C ( ,) 2 



so 



*ND - Not datactad 



tt * .nterertno. to obwrv from thi. UWe thl the CD^unun hwvy cn«n »^*^ 
.ccumuitfk* of th. prof*. how^O. The «>Hty o< th. hC04*C,1 triform**. » P^^f^ 

.ecreted un^ th. how « cotr.r*orrnad m**c ^^^^^T^ r^.S 

•I Nctura 241338 [1931 p. According to th* mv*«ion. C04-lgO unmunoMhMOo enrmeras 
iicrSSd^iTSfl the C04 eprtope * pewm in l*ht <*.-> dime*, r^vy ct*n moo< ^ ( ^^^ 
haiyvVd Haht chain tttamanj wt.ar.in the C04 tprtope « pmart fu»d to on* or mor. kght or twavy 

^aS^ ^t^ ^n noo-CD4 van** dom*n * pr^nt. . r^rofunct** anabody thus .. 
■"SSL .x.mp*y r**o*«d cf^rtc imrnuno-hwon 

***** «• rtwnatfcally olaoramm* Me.. A' mm« J^T^SK 2 

^ «^ cantalnina it. »oand binding f : V t . V- C and ft. ropromt BqM or f"*^"™" 
con^dom^ofinfnirnuooolobu^ 
(a) Ad: 
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or 



(b)ACi.-ACi: 

(C) ACm-{ACh. AC t -AC«. ACvVmC«. V^-AC*. or V^-VmCh]; 
<d> ACv-AC^ACm. ACfACn. AC-VmCh. V^-AC*. or V t CfV«C«]: 

(e) AC,-Vm<MACh. ACc-ACh. ACt-VnC*. V^-AC*. or V^-VhChI: 

(f) V^-AChHAC. AC l -ACm. Ad-V„C«. V^-AC*. or V^-VmC^; 

(Q) [A.Y1.-(V 1 C v -VhCh1. 



The structure shown in this table show only key features, e. g. they do not show xxning (J) or other 
domains of the irr™nogtobu.ms. nor ere disulfide bonds shown. These are orbited in ^ J" 1 " 6 ^ 
However wherTsuch domains are required tor binding activity they srn. be construed as being 
^d^to^toTwhich mey^ccupy in the »dh«on. immur^hetjon or i-un^n 
modules aVthe «*e may be. These examples are representative of div.tont antibod.es: more complex 
S« would result by emptying immunoglobulin heavy chain sequences from other classes, e.g^ >gM. 
T^un^L.n V t i antibod? combining site aiso de*gn«ed as me company mmunogtobulin. 

preferably is capable of binding to a predetermined antigen. 

Suitable company .mmunogtobulin combining sites and fusion partners are obta-ned from lgG-1. -2. 
•3 or 4- subtypes. toA. kjE. IgO or IgM. but preferably kjG-1 ■ 

A^eT^Ltis a fuion of an N-term.na. portion of CD4. which contains me 
the QO120 envelope protein of HIV. to the (terminal F c portion of an antibody. containing the effector 
functions of immunoglobulin G,. There are two preferred embodiments of this sort: *™ 
chain constant region is fused to a portion of CM; in another. a sequence beg.nn.ng « 

ream of me papa," cleavage site which defines KjG F e chemically (res-due 216. tatang me first rescue 
favy chain constant reg.on to be 1 14 [Kobat et at.. "Sequences of Proteins of irnmurK^.^lnteresi 
Ed.. 19871. or analogous sites of other immunoglobulins) is fused to a portion of CD4. inese 
diments are described in me examples aro 
■rnrfore particularly, those variants in which one or more .mmunoglobul.n-l.ke doma-ns of an adheson are 
Tuostituted for the variable region of an immunoglobulin chain are believed to e>m.b.t improved inj*vo 
plasma half life. These chimeras are constructed in a fashion similar to chimeric ant.bod.esjn wtuch a 
variable domain from a antibody of one species .s substituted for the variable domain o another spec es^ 
See for example. EP 0 125 023; Munro. Nature 312; (13 Oecember 1984): Neuberger et al.. Nature ,312 03 
Dumber ?£,: Sharon et .... Nature 309: tfTMay 1984): Morrison eta, Proc. tm. 
81 6851-6855 (1984): Morrison - et al. Sciince 229:1202-1207 (1985): and Boul.anne et al.. Nature 312.643- 
646 (13 Oecember 1984) The ONA encoding aT04 V-iike region is cleaved by a restriction enzyme at or 
prox.mal to a ONA encod.ng a boundary domain and at a pant at or near the ONA encoding ^term.na. 5 
end of the mature antigen (where use of a non-CD4 lead .s contemplated) or at or prox-mal to the 5 end o 
the N-terminal cod.ng region for the antigen (where a native C04 signal is employed). Th.s ONA tragmen 
men is readily inserted .nto ONA encoding an immunoglobulin light or heavy cham constant reg.on and. . 
necessary tailored by deletion* mutagenesis. Preferably, m.s .s a human immunoglobulin when the vanant 
is intended for in wo therapy for humans. ONA encoding .mmunogtobulin light or heavy cham constant 
regwjns .s known-oTre"adily ava.labie from cONA libraries or is synthes.zed. See for example. Aoamset ^ 
Biochemistry 19:2711-2719 (1980): Gough et al.. Biochemistry 19:2702-2710 (1980): Dolby . £N.A£ 
USA. 77:6027^031 (1980): Rice et al.. P N A.S. USA 79:7862-7865 (1982): Falkner et al.. Nature 298.286- 
288(1982): and Morrison et al.. Ann."Rev. Immunol. 2:239-256 (1984). 

ONA encoding me immunoglobulin or immunoadheson ;himenc chain(s) is transfected .nto a host can 
for expression, if me host cell is produe.ng a heavy chain .mmunogtobulin prior to transferor, then one 
need only transfect with the adheson fused light chain to produce a heteroantibody. Sim.lariy. .» me host ceil 
!S expressing a light cham men ONA encoding a heavy cham adheson fusion .$ transfected to produce a 
heteroantibody. Th* aforementioned immunoglobulins having one or more arms beanng the Mheson 
domain and one or more arms bearing companion variable regwns result in dual specificity for adheson 
ligand and for an antigen These are produced by the above-described recombinant methods or by in vjtro 
procedures, in me latter case, for example. F(ab'), fragments of the adi-eson fusion and an .mmunogtobulin 
are prepared, me F<ab )2 fragments convertod to Fab fragments by reduction under m.ld reduong 
conditions, and then reoxid.zed in each other's presence under acidic conditions in accord «rth methoas 
55 known per se. See also U.S. patent 4.444.878. 

In aTTaltemative method tor producing a heterofunctional antibody, host cells producing an adheson- 
immunogtobulin fusion, e.g. transfected myelomas, also are fused with 8 cells or hybndomas wh*h secrete 
antibody having the desired companion specificity for an antigen. Hete*ob.functtonal antibody « recovered 
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. s *2--^ >^^j^ : %i^iiim« "wid -ttkis may be produced somewhat more ^veniemiy 

from the ctiltur jnedium orf.sucn nyfcrwoma*. ana thu* i^y . r . 

m«n bv conventionar in vitro retorting method* (& 6&763). _ nn a 

uwi wy wwf». w — . ^.^i-h « A^hiMon ii comuoated with a towc suDstance. e.g. a 

Another afouo of fusions are those *n wncn an aoneson w w"!*^"" 

jamua nSSSn or bv recombinant synthesis as « hmon (see tor exempts, us. r**™ 

one or more am.no ~d r^from «u >£» tt2£ ST^^SS^ 

t£ rfheson. Parenthetically, the amino Kid rwtfues follow the numbers g.ven for mature C04 a. noted. 

,<X SK^TS^." « — in wh*h at M one -^-^-^0^^ 
removed and a different rescue inserted in its place. The native mermmal re»due lor rnature C04 « now 
™w?To * lysine. Thus, the sequence shown in fig. i. with an fWermu* «paraoine. * an am«K , aod 
se^nce vlrTt of native mature C04. Tab* 2 below describes substitution, wmch .n genera. -.1 resuft m 
fine modulation of the characteristics of the CO antigen. 

TABLE 2 



Original 


Exemplary 


Residue 


Substitutions 


Ala 


ser 


Arg 


iys 


Asn 


gin: his 


Asp 


giu 


Cys 


ser: ala 


Gin 


asn 


Glu 


asp 


Gly 


pro 


His 


asn: gin 


lie 


leu: val 


Leu 


ile: vai 


Lys 


arg: gin: glu 


Met 


leu: ile 


Phe 


met: leu: tyr 


Ser 


thr 


Thr 


ser 


T?p 


tyr 


Tyr 


trp: phe 


Vai 


ile: leu 



Substantial changes in function or .mmunotog-cal identity are made by selecting NMUm that are 
to „ conservative tha^ those -n Table 2. ..... selecting rescues that differ more ^'^a, . 

maintaining (a) the structure of the polypeptide backbone in the area of the JJ** "J 

sheet or heucal conformation. «b) the cherge or hydrophobics of the mo*cu* at the target 
bulk of the side chain. The substitutions which in general are expected to produce the g reate* *W « 
•dheson properties will be those in which (a) a hydrophilic re»due. e.g. seryl or threonyl. .a substituted for 
ST.^SSbic re*due. e g. tacyt ieoieucyi. P^^yl. ^«^> "»» v 

substituted for (or by) any other residue: <c> a rescue having en electroposrtive ade <*^*- 
a^Tyi. or h,stidyl. ^substituted for (or by) an electronegative Mm. e.g.. glutamyl or aapertyt: or (d) a 



e 



EPO 314 317 A1 



residue r*v,ng a bulky side chain. e.g.,pheny al anyt. is substituted lor (or by) one not having a s.de cha,n. 

6 9 A Sirred class of substitutional or d letional variants are those involving the transmembrane region of 
me adn^^ ws^brane reg*n o< the adheson * a highly hydrophobic or lipoph.Sc dorna,n ma, ,s 
Z Z^uau span me lipid baeyer of the ceUuUr rnembrane. It „ believed to anchor me adheson ,n 

'rje^^ution of me transmembrane dom*n wi.. fad.ittte recovery and provide j» soluble form 
of ttSuSSson by reducing its cellular or membrane lipid affinity and improving its water soMali^ M the 
*Wn^»ro id cytoplasmic domams are deleted one avorfs the introduction of potentially ,nv 
m!J^ etfopes. eimeTby exposure of others mtracelMar polypeptides that might be recogn«ed by 
mTSTaTSn or by insertion of heterologous polypeptides that are potentially immunogen*. A 
Zopai advantage of me transmembrane deleted adheson is that it is secreted into the culture mechum o 
SnT3. Th,s vanant is water soluble and does not have an appreciable affin,ty for cell 
membrane lipids, thus considerably simplifying its recovery from recombinant cell culture. 

It will be amply apparent from me foregoing discussion that substitutions, deletions, insertions or any 
coronation thereof are -ntroduced to arrive at a final construct. A, a genera. P^^ 1 ^^ ^ ™ 
have a functional transmembrane domain and preferably will not have a functional cytoplasm* sequence. 
5J s get...y accomplished by deletion of the relevant domain, although ^ ^ « 
substitutionaTmuugens also can be effective for mis purpose. For example, the transmembrane dom.n * 
substituted by any am.no aod sequence, e.g. a random or homopolynucleic sequence of about 5tc 50 
serine, mreonine. lysine, arginine. glutamine. aspartic acid and like hydrophilic resHJues. which artooether 
exhibit a hydrophilic hydropathy profile, so that it is secreted into the culture medium of recombinant hosts. 
This variant should also be considered to be an adheson variant. 

These variants ordinarily are prepared by site specific mutagenesis of nucleotides in the DNA encoding 
the adheson thereby producing ONA encoding the variant, and thereafter expressing the DNA .n. recom- 
btnant cell culture. However, variant adhesons also are prepared by in vitro synthesis. Obviously, venations 
made .n me ONA encoding me variant adhesons must not place (he sequence out of reading frame and 
preferably will not create complementary regions that could produce secondary mRNA structure deleterious 
to expression (EP 7S.444A) The C04 variants typically exhibit the same gpl20 binding activity as does the 
naturaliysxcurrmg prototype, although variants also are selected in order to modify the characteristics of 
the C04 adheson as indicated above. 

While the site lor introducing an amino acid sequence variation is predetermined, the mutation per se 
need not be predetermined For example, in order to optimize the performance of a mutation at a given s.te. 
random mutagenesis may be conducted at me target codon or region and the expressed adheson variants 
screened tor me optimal combination of desired activrties. Techniques for making substitution mutations at 
predeterm.ned sites in ONA having a known sequence are well known, for example M13 primer 

mutagenesis . 

Adheson variants mat are not capable of b.nd.ng HIV gpl20 are useful nonetheless as .mmunogens or 
ra.s.ng ant.bod.es to the adheson or as immunoassay k.t components (labelled, as a compet.t.ve reagent for 
gpi20 assay, or unlabeited as a standard for an adheson assay) so long as at least one adheson epitope 

remains active. , _ . ^.^ . . 

The ONA encoding adhesons is obtained by known procedures. See ReiherU at at. and Maddon et at- 
op at m general, prokaryotes are used for cloning of CD4 vanant ONA sequences. For example. E_ cou 
Kl2~tra.n 294 (ATCC No. 31446) is particularly useful. Other microbial strains which may be used include 
E coti 8 UM101 and E. coli *1776 (ATCC No. 31537). These examples are illustrative rather than limiting. 
- — NA encoding the" vanant adhesons are inserted for expression into vectors containing promoters and 
control sequences which are derived from species compatible with the intended host ceil. The vector 
ordinarily but need not. carry a replication s.te as well as one or more marker sequences which are capable 
of providing phenotypic selection .n transformed cells. For example. E coli is typically transformed using a 
derivative of pBR322 which is a plasmid derived from an E. coli species (Bolivar, et aL Gene 2: 95 (19771) 
PBR322 contains genes for ampicillin and tetracycline~resistance and thus provides easy means for 
,dent.fy.ng transformed cells. The pBR322 plasmid. or other microbial plasmid must also contain or be 
mod.fied to contain promoters and other control elements commonly used in recombinant ONA construc- 
tions 

Promoters suitable for use with prokaryotic hosts illustratively include the lactamase and lactose 
promoter systems (Chang et a!.. Nature. 275: 615 [1978); and Goeddei et at.. Nature 281: 544 (1979^ 
alkaline phosphatase, the triptophan (trp) promoter system (Goeddei. Nucleic Acids Res. 8: 4057 pro. 
and EPO Appm. Pubi No. 36.776) and hybrid promoters such as the tac promoter (H. de Boer et ai.. Proc. 
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Nan Acad Sci USA 80: 21-25 (1983]V However, other functional Mcterial promoters are su.t^ir The.r 
™w^'.£ue^?. oenerally known, thereby enabUng a sfcUed worker operaWy to "oat. them to 
DNA iSx^nnri^ variant using Hnher, or adaptors to supply any required resmcoon j-tes 
^eU^.^0^ (19801). Promoters tor us. « bacter* system, also will cemam a fen- 
namamo (Si) Tseauence operably linked to the ONA encoding the antigen. 

Teuton r^ZZZ- ^tuvyotic microbes such ,s yeast curtures -so are useful as cton.ng or 
e^essTh^. T ^Saromyces cerevis.ae . or common b^'s ye«t .s the most commonly used 
! m^oor^- -.^ although ."dumber of other strain, are commonly availabte. For express^ m 

S^yc^P^W lor exampfe. (Stinchcomb. e« a... Nature 282: 39 [.979]; Kingsman e. ^ 
K^TT* ^'lihemper et a... Gene 10: 157 11980ft ., commonly used. Th,s pU«m.d -ready 
ml til oene which provides a select*" marker for a mutant strain of yeast lactung the aMrty to 
T t Hin e^P^ATCC no. 44076 or PEP4-1 (Jones. Genetics 85: 12 H9771). The presence 

™ can genome then proT^s an effect means of 

""E2 VSZTJSZ tTS .east hosts .nclude me promts lor 3-phosphog.ycerate 
x.na^ SuemaTnTBiol. Chem. 255: 2073 11960]) or other glycolytic enzymes (Hess et A.***. 
tTSZ ? ,4911968]; and HoHandTBiochemistry 17: 4900 [1978». such as enoU*.. glyc.ra^hyde- 
rSh^ihycJogerJe. hexok,nase. pyruvate declrboxy-ase. phosphofructt^. 
pr!a»^omera«». 3-p^sphoglycerate mutase. pyruvate tanase. triosephosphate .somerase. phosphogiucos. 

'"ZZX?*™™- —h are .nducb* promoters hevrng the addifona. advanage o, = ,on 
con.rci.ed by growth condfcons. are the promoter reg.ons lor alcohol dehydrogenase 2. ^y ^ C. 
aad r^sphatase degradafve enzymes assoc.ated w,th n.trogen metaool.sm metaltoth«ne.n. 
TL^Zt^oSL dehydrogenase, and enzymes responsible for mattose and galactose uo.-za- 
STSSSTSSil P-mo«ers7or use ,n yeas, express,on are former descnbed ,n R. H^eman e, £ 
European Patent Pubi.cat.on No. 73.657A. Yeast enhancers also are advantageously used w-th yeast 

^Promoters are centreing transcr.pt.on Irom vectors in mammal.an host ceils may be , ob. *ne< .from 
vanoos sources, lor example, the genomes of viruses such as: polyoma. &m«n Virus 40 (SV40) 
adeS^uT retroviruses. hepat.tis-B virus and most preferably cytomegatovrus. or from heterologous 
mammX Promoters, e.g. Z> beta actin promoter. The earty and *«e promoters o, I me 8V40 vrus are 
conveniently obtained as an SV40 restr.ct.on .ragmen, wh.ch also contam, me SV40 vraT ong, .of 
reol.ca.on. F W s e, a... Na,ure. 273: 113 (1978) The .mmedia,e early promoter o me , human 
, y ,omega.ovirus is conveniently obta.ned as a Hindlll 6 restriction fragment. Greenaw.y P.X et al.. Gene 
il 355-360 (1982) Of course, promoters from the host cell or related spec.es also are useful herem. 
~ ONA transc.pt,on .n h.gher eukaryotes ,s .ncreased by .nserting an enhancer sequence .nto me vector 
Enhancers are c,-act.ng events of ONA. usual.y from about 10 to 300bp. mat act to .ncreas, .me 
transc.ptton in.t.at,on capacity of a promoter Enhancers are relat-ve.y orienution and Posrtnn *T 
navng'been found 5 <l*m,ns. L. e, a... Proc.Nati.Acad.Sci. 78: 993 [,981], and (lu, JjMJ- et a. Mo 
Ceil B.o. 3 . 108 (1983]) to the transcr,pt.on un.t. wimm an .nwon Baner,.. J.L £ !i • 1 » ^ " 
wen as wrthm the coding sequence .tse.f (Osborne. T.F.. et al . Mo.. Cell B.o 4. lim^tain^and 
enhancer sequences are now known from mammalian genes (gk,b.n. elastase. albumm. 
.nsulin). Typ.ca.ly. however, one w.l. use an enhancer from a eukaryofc cel. vuus. 
SV40 enhancer on me Me srfe of me repiicat.on ongin (bp 100-270). the cytomegatovrus early promoter 
enhancer, me polyoma enhancer on me late s.de of the rephcat.cn ong.n. and adenovmis enhancers 

Expr.ss.on vectors used in eukaryow host ceils (yeast fungi, .nsect. plan,, an.mai. human or ™ctoated 
cells) may also comam sequences necessary lor ,he term.nat.on of Jranscripiion wh.ch may affect mRNA 
express.cn. These reg.ons are transenbed as polyadenyiated segments in the untranslated port.on of the 

mRNA encoding the adheson. ,„.„►,,„ 

Express.cn vector system, generally contam a se.ect.on gene, also termed a electable marke 
Examples of suitable selectable markers for mammalian cells are dihydrofolate reductase (OHFR). 
,hym.dine k.nase or neomyc-n. When such selecable markers are successfully transferred .nto a mamma- 
l.an host cell, me transformed mammalian host cell can survive .1 placed under seiect.ve pressure. There 
are two w,deiy used dist.net categories of selecfve reg.mes. The first category is based on a cells 
metaboLsm and the use of a mutant cel. line w^*h lacks the ab.l.ty to grow '"dependent of a 
medium. Two exampiw ar.: CHO OHFR" cells and mouse LTK" ceils. These cells ^«* **« » 
w,mout me additton of such nutrients as thymidine or hypoxamhine. Because these cells lack cartam genes 
necessary for a complete nucieot.de synthes.s pathway, they cannot survive unless the m.ss.ng nucleotides 
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are provided in a juppi^tdd.'rtwdium. An alternative to supplementing the medium a to mtroduce an 
intact OHFR or TK gene ,nto cell* lacking tho respective genea. thus altering the* growth recrements, 
individual ceils «*ch were not transformed with the OHFR or TK gene w,H not be capable of surv-vai .n non 
supp'^menteO madia. ^ ^ . . _ 

The second category <s dominant selection which refers to a selection scheme used * any cell type 
and does not require the use of a mutant call line. These schemes typically use a drug to arrest growth of a 
host cell. Those ceHs which have a novel gene would express a protein conveying ^ ****** 
would survive the selection. Examples of such dominant selection use the <^ne^ycm, ^^P and 
Bern P j Moiec. Appl. Genet, t: 327 (1082). mycophenolic acid. Mulligan. R.C. and Berg. P. Science 209. 
u?2 (iMu; or hygromyan. Sugden. B. et Mol. Cell. Biol. 5: 410-413 (1985). The three examp*s given 
above employ bacterial genes under eukSrfobc control to convey resistance to the appropriate drug G418 
or neomycin (geneticin). xgpt (mycophenolic acid) or hygromycin. respectively. 

-Amplification- refers to the increase or replication of an isolated regw within a cell s chromosomal 
ONA Amplification .s achieved using a selection agent e.g. methotrexate (MTX) which inactivates OHFR 
Amplificaton or the making of success.ve copies of the DHFR gene results in greater amounts of OHFR 
being produced in the face of greater amounts of MTX. Amplification presure is applied notwithstand.ng the 
presence of endogenous OHFR. by adding ever greater amounts of MTX to the media. Amplification of a 
desired gene can be achieved by cotransfacting a mammalian host cell with a ptasm.d having a DNA 
encoding a des.red protein and the DHFR or amplification gene permitting cotntegration. One ensures that 
the ceil requires more OHFR. which requirement is met by replication of the selection gene, by selecting 
only lor cells that can grow in the presence of ever-greater MTX concentration. So long as the gene 
encoding a desired heterologous protein has contegrated with the selection gene replication of th.s gene 
gives rise to replication of the gene encoding the desired protein. The result is that increased copies of the 
gene. ..e. an amplified gene, encoding the desired heterologous protein express more of the desired 
heterologous protein. ' 

Preferred host cells for expressing the CO antigen variants of this invention are mammalian cell lines, 
examples including monkey k.dney CVt line transformed by SV40 (COS-7. ATCC CRl 1651); human 
embryonic k.dney line (293. Graham. F.L et al. J. Gen Virol. 36: 59 [1977] and 293s cells [293 subclones 
selected for better suspension growth]); baby hamster kidney cells (BHK. ATCC CCL 10); Chinese hamster 
ovary-ceiis-OHFR (CHO. Urlaub and Chasm. Proc.Natl.Acad.Sci. (USA) 77: 4216. [1980]); mouse sertoh cells 
<TM4 Mather. J P-. Biol. Reprod. 23: 243-251 [1980]); monkey kidney cells (CV1 ATCC CCL 70); afr.can 
green monkey kidney cells <VER<y"76. ATCC CRL-1587); human cervical carcinoma cells (HELA. ATCC 
CCL 2) canine kidney cells (MOCK. ATCC CCL 34): buffalo rat liver cells (BRL 3A. ATCC CRL 1442): 
human lung cells (W138. ATCC CCL 75); human liver cells (Hep G2. HB 8065); mouse mammary tumor 
(MMT 060562. ATCC CCL51 cells); and TRI cells (Mather. J.P. et aL Annals N Y. Acad. Sc« 383: 44-68 
[1982]) 

-Transformation" means introducing ONA into an organism so that the ONA is replicable. either as an 
extrachromosomal element or by chromosomal .ntegration. One suitable for transformation of the host cells 
.s me method of Graham. F. and van der Eb. A.. Virology 52: 456-457 (1973). However, other methods tor 
introducing ONA into cells such as by nuclear injection or by protoplast fusion may also be used, if 
prokaryotic ceils or cells which contain substantial cell walls are used as hosts, the preferred method of 
transfection is calcium treatment using calcium chloride as described by Cohen. F.N. et al.. Proc. Natl. 
Acad. Sci. (USA). 69:2110(1972). 

Construction oTsuitable vectors containing the desired coding and control sequences employ standard 
and manipulative ligation techniques. Isolated piasmids o. ONA fragments are cleaved, tailored, and 
reiigated m the form desired to form the piasmids required. Suitable procedures are well known for the 
construction described herein. See. for example. (Maniatis. T. et al.. Molecular Cloning . 133-134 Cold 
Spnng Harbor, [1982]; -Current Protocols in Molecular Biology", edited by Ausubel et a/. [1987]. pub. by 
Greene Publishing Associates & Wiiey-lricrscience). 

Correct piasmid sequences are comirmed by transforming E. coji Ki2 strain 294 (ATCC 31446) with 
ligation mixtures, successful transformants selected by amptciHin or tetracycline resistance where appro- 
priate piasmids from the transformants prepared, and then analyzed by restriction enzyme digestion and or 
sequences by the method of Messing et al.. Nucleic Acids Res. 9: 309 (198U or by the method ol Maxam 
et al.. Methods in Enzymotogy 65: 499 (1980) 

Host cells are transformed with the expression vectors of this invention. Thereafter they are cultured m 
appropriate culture media, e.g. containing substances for inducing promoters, selecting transformants or 
amplifying genes. The culture conditions, such as temperature. pH and the like, are those previously used 
with the host cell selected for expression, and will be apparent to th ordinarily skilled artisan. 
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The secret* adheson variant' are recovered and purified from the culture supemaums o» <^*™ { 
hosts Typically, the supernatant* are concentrated By ultrafiltration, contacted I pith a l S>f"^ rty * 
TLoS^T»io adsorb the adhesonWt. and .Med fro* m«rix Opbona.ly. the 
adheson is purified by ton exchange chromatography. , 

Suc<i«rSy^urrfication of soluble C04 adheson from culture medwm was unexpectedly drfftcuit. 
Notw^nS, that the hydrophobic transmembrane region of the antigen had been deleted, the antigen 
SedTSong tendency to form aggregates that cou* be readily removed from suspension by 
centrifugal at 1000 x g. and which avidly coat surfaces such as ultrafiltration membranes. Th.s appears to 
result from the reduction ,n concentrate of albumin or other serum prote-n (ordmanly present ,n me cude 
preparat-on) to a particular level, betow wruch the truncated antigen no J** 
o^wmenon appears to be aggravated by exposure of the CM adheson to K>» pH « about pH 4). As a 
resuTseparation procedures (particularly those that employ acM elution. such as ^nmunoatf.n.ty) srwuW be 
modified so that the eluate is ma.nta.ned at. or immediately returned to. about neutrality. Further, a 
surfactant eg a detergent such as Tween 80. should be included with the antigen during the separation 
procedure. The final pu"fied product will be stab.lized with a predeterm.ned protein such as albumm. and or 

* "The^fied adheson is formulated into conventional pharmacologically acceptab* excpients. 

R .s adm.n.stered to patients having HIV infection at a dosage capable of ma.nta.ning a cones^aoori i o 
oreater than about 1 00 ng of soluble C04 adheson ml plasma. For CD4 adheson vanants having different 
motc^we^hts. abou7 2 picomoles o, soluble receptor per ml of p»m. •* 
cumcaily .n order to establish a stoichiometric equivalence with native (membrane bound) and soluble 
receptor. The ordinary dosage of soluble CD4 is 100 ug-kg of patient weight-day. 

The therapeutic C04 var.ants are employed with other therap.es and agents lor the treatment of AIDS. 
.nciud.no AZT. neutraliang antibodies and .mmunocytotoxins. gpt20 fragments and vacanes. 

in order to facilitate understanding of me following examples certain frequently occurnng methods 
ana or terms will be described. 

"Piasm.ds" are des.gnated by a lower case p preceded andor followed by cao-tal letters andor 
numbers The start-ng plasm.ds here.n are either commercally available, publicly avertable on an unrestric- 
ted basis or can be constructed from ava.iabie plasmids .n accord w.th publ.shed procedures. In add.t.on^ 
equwaient plasmids to those descnbed are known in the art and w..l be apparent to the ordinanly sk.iled 

ar, S -0.gest.on- of ONA refers to catalyt.c cleavage of the ONA with a restriction enzyme mat acts only at 
certain sequences .n the ONA. The var.ous restnction enzymes used here.n are commercially available and 
me* reaction conditions, cefaclors and other requirements were used as would be known to the ordmar.iy 
sk.lled artisan. For analytical purposes, typically 1 ug of plasmid or ONA fragment is used with about 2 
units of enzyme in about 20 ui of buffer solution For the purpose of isolating ONA fragments for piasm.d 
construct.cn. typ.caily 5 to 50 ug of ONA are digested with 20 to 250 units of enzyme .n a larger volume. 
Appropriate buffers and substrate amounts for part.cular restnction enzymes are speofied by me manufac- 
turer incubation t.mes of about 1 hour at 37' C are ordinarily used, but may vary n accordance .with the 
supplier's instruct*™. After digests the reaction .s electrophoresed d.rectly on a poiyacrylam.de gel to 

isolate the desired fragment. 

"Recovery- or "isolation" of a given fragment of ONA from a restrict.on digest means separation of the 
digest on poiyacryiamide or agarose gel by electrophoresis, identification of the fragment of .merest by 
comparison of .ts mobility versus that of marker ONA fragments of known molecular weight, removal of me 
gel section contain,ng the desired fragment, and separa*on of the gel from ONA. This procedure .s known 
generally (lawn. Ft. et al.. Nucie-c Ac.ds Res. 9: 6103-61 14 (1981 1. and Goeddel. 0. et al.. Nucle.c Ac-ds 

Res. 8: 4057 [1980]). ~ 

"Dephosphoryiation" refers to the removal of the term.nal 5 phosphates by treatment w.th bacterial 
alkaline phosphatase (BAP). This procedure prevents the two restr.ct.on cleaved ends of a ONA fragment 
horn "circularizing" or forming a closed loop that would .mpede msert.on of another ONA fragment at the 
restriction site Procedures and reagents for deohosphorylation and other recombinant manipulations are 
conventional Reactions using BAP are carried out .n 50 mM Tr.s at 68* C to suppress the actrv.ty of any 
exonucleases wh.cn may be present m the enzyme preparations. React.ons were run for i hour. Foiiow.ng 
the reaction the DNA fragment is gel punfied. 

"Ugauon" refers to the process of form.ng phosphodiester bonds between two double stranded nucleic 
acd fragments (Maniatis. T. et al.. Id. at 146). Unless otherwise provided, ligation may be accompushed 
using known buffers and conditions w.th 10 units of T4 ONA ligase ("ligase") per 0.5 ug of approx.mateiy 
equimoiar amounts of the ONA fragments to be ligated. 
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•FiBing* or "tXummg- refers to the procedures by which the single stranded end m the cohesive 
termmus of a restriction eruyme<ieaved nucleic add is converted to a double strand. This eliminates me 
cohesive terminus and forms a blunt end. This process is a versatile too* for converting a restriction cut end 
that may be cohesive with the ends created by only one or a few other restriction eruymes into a termmus 
compatible with any blunt<utting restriction endonuclease or other filled cohesive terminus. Typcalry. 
Wunbng is accomplished by incubating 2-1 Sag of the target ONA in tOmM MgClj. ImM ditfwthrertoi 
50mM NaCl lOmM Tris <pH 7.5) buffer at about 37' C in the presence of 8 units of the KJenow fragment of 
ONA polymerase I and 250 nM of each of the four deoxynucteoside triphosphates. The incubation generally 
is terminated after 30 min. phenol and chloroform extraction and ethanoi precipitation. 

The following examples merely illustrate the best mode now contemplated for practicing the invention, 
but should not be construed to limit the invention. All literature citations herein are expressly incorporated 
by reference. 



Example 1 



Construction of Vectors for the Expression of Native CD4 and Secreted Derivatives 



Section 1 



The plasmid used for recomb.nant synthesis of human CD4 was pSVeC040HFR. The plasmid was 
constructed as follows: 

XC04P1 containing most of the coding sequence of human C04 (obtained from a human placental 
cONA library using oligonucleotide probes based on the published sequence (Maddon et aJ. 1985)) was 
digested with EcoRI to produce the cONA insert. This fragment was recovered by poiyacryiamtde gel 
electrophoresis (fragment 1 ) 

PUC18 was digested with EcoRI and the single fragment recovered by polyacrytamide gel elec- 
trophoresis (fragment 2). Fragment 1 was hgated to fragment 2 and the Hgation mixture transformed into E 
coli strain 294. The transformed culture was plated on ampicillin media plates and resistant colonies 
selected. Plasmid ONA was prepared from transformants and checked by restriction analysis for the 
presence of the correct ONA fragments. This plasmid is referred to as pUCC04. 

pSVeE DHFR (Muesing et ai.. Cell 48:691-701 [1987]) was digested with Kpnl and Bam HI and blunted 
w.th E. coli ONA polymerase" (Klenow fragment) and the four dNTPs. Fragment 3 containing the p' A-Amp* 
region. "§V40 early promoter, the HIV LTR. and the mouse DHFR gene was recovered by gel elec- 
trophoresis. Hgated and the ligation mixture transformed into E. coli strain 294. The transformed culture was 
plated on ampiciii.n media plates and resistant colonies "selected. Plasmid ONA was prepared from 
transformants and checked by restriction analysis for the presence of the BamH I restriction site and the 
absence of the Kpnl restnction site This plasmid is referred to as pSVeABKDHFR and allows EcoRI-BamHI 
fragments to beTnserted after the SV40 early promoter and transcribed under its control, follow.ng 
transfecnon into an appropriate cell line. 

Synthetic oligonucleotides (adaptors 1-8. below) were made to extend from 76 bp 5 of the initiation 
codon of CD4 translation to the Rsat restnction site at 121 bp 3* of the initiator, with the sequence AATT at 
the 5' end of the sense strand to generate an end which could ligate to an EcoRI restriction fragment. 
These oligonucleotides were ligated and the 204 bp fragment containing the entire sequence recovered by 

gel electrophoresis (fragment 4). 

C04 adaptor 1: AATTCAAGCCCAGAGCCCTGCCATTTCTGTGGGCTCAGGTCCCT 

CD4 adaptor 2: pACTGCTCAGCCCCTTCCTCCCTCGGCAAGGCCACAATGAACCGGGGAGTC 

CD4 adaptor 3: pCCTTTTAGGCACTTGCTTCTGGTGCTGCAACTGGCGCTCCTCCCAGC 

C04 adaptor 4 

pAGCCACTCAGGGAAACAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGT 

™. c pACAGGTCAGTTCCACTGTATCCCCTTTTTTGCCCAGCACCACTTTGTTTCC 

pCTGAGTGGCTGCTGGGAGGAGCGCCAGTTGCAGCACCAGAAGCAAGT 
pGCCTAAAAGGGACTCCCCGGTTCATTGTGGCCTTGCCGAGGGAGGAAGGG 
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C04 adaptor 8: QCT(3AGCAGTAGGGACCtGAGCCCACA0AAATGGCAGQGCTCTGGGCTTQ 

pUCC 04 was digested with Rsal and Sstl and the 401 bp fragment contain.ng part of the CM coding 
sequence recovered by ge< **S5&*m*favi~* 5). pUClS .as digested ««. BcoN ^J^"*"" 
Sgment compnsing me bu* of the plasm* recovered by gel •*^« M < fr *™J 
and 5 were tigated to fragment 6 and the ligation mixture transformed mto E. constrain 294 The 
%« W Z cuLe was pSed on amp-dlKn med- P *tes and resist** cotor*, seised .»m* tom 
was prepared from transformants and checked by restriction analy» for the "» 
fragmenTThe sequence of the .nserted synthetic ONA was checked by exew-ng the 605 bpEcoW-Sst. 
IZZms from Several transforms and ligating mem to Ml3mpl9 which t»d been d.gest«d wjth the 
^7^. After transform^ into E. coH stra,n JM,0,. «ng^«randed ONA was 
sequenced One piasmid which contained the c^ect sequence was selected, and « referred to m <pC04.nt. 

pC^n.^ digested with EcoRI and Sstl and fragment 7 coring the 5 end of the CD4 .coding 
reg ,o P n wi rec^by ge. e*t^es«-pUCCD4 was digest* ^ Sstl BjmH, 
fragment comaming the reminder of the CD4 ending region (fragment 8) recovered by gel 

pSVeaBKOHFR was digested with EcoRI and BamHI and fragment 9 compr.s,ng the bu k of the 
pl a S m,d was .solated. Fragments 7. 8 andT were Uga.ed and the SgatJon m '™l™««^ Jj£ 
swam 294 The transformed culture was plated on ampicillin media plates and the reststant crtotWM 
selected Piasmid ONA was prepared from transformants and checked by restriction analy*s for the 

of me coL fragmeTrh.s plasm* i, referred to as pSVeC040HFR. an. was used to 
synthesis of recombinant intact CD4 
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Section 2 

A piasm.d was constructed to direct the synthesis of a CD4 denvat.ve lack.no. the putative transmem- 
brane domain and most of me putative cytopiasm.c domarn (Maddon et aU This was done with me 
intention of creating a secreted form of CD4. based on the assumption that these domains anchor the CD4 
oncoprotein to me cell membrane, and mat their deletion would result in the secretion of the product. Th.s 
piasmid is referred to as P SVeCD4ANlaDHFR and was constructed as follows: 

DUCC04 was digested with Sstl and Taql and the 531 bp fragment (fragment 1Q> recovered. pUCC04 
was digested with Ntalll and TaqTand the"n2 bp fragment (fragment it) recovered. pUCC04 was d.gested 
w,m BamHI and NUMl and the"30l bp fragment (fragment 12) recovered. pC04int was digested with Sstl 
and BamHI and fragment 13 comprising me bulk of me piasmid recovered. Fragments 10.11. and 12 were 
ligateTTogether with fragment 13 and the ligation m.xture transformed into E col. strain 294 The 
transformed culture was plated on amp.c.il.n med.a plates and resistant colonies selected. Plasm.d DNA 
was prepared from transformants and checked by restriction analys.s for the presence of the correct 
fragment Piasmid DNA from several transformants was sequenced to ensure mat me 195 bp rmm 
fragment had been deleted and mat the proper reading frame was restored. The resulting plasm* .s 

40 referred to as pCD4ANia. ^ _ . 

pCD4ANla was digested wim EcoRI and BamHI and me 1541 bp fragment containing the sequence of 
a C04 derivative lacking the transmembrane and cytoplasmic domains recovered (fragment 14) and iigated 
to fragment 9 and me ligation mixture transformed into E. coh strain 294. The transformed culture was 
plated on ampicillin media plates and resistant coioniel selected. Piasmid ONA was prepared from 

<s transformants and checked by restriction analysis for the pre^nce of me correct fragment. Th.s piasmid .s 
referred to as pS VeCD4ANl aOHFR. 

Both pSVeC04DHFR and pSVeCD4AN 1 aOHFR were transfected mto CHO cells by me same method 
used to establish cell lines stably expressing HIV-l polypeptides <Muesmg. Smith and Capon. Cell 
48 6910701 [1987]). These cells were assayed for production by radioimmunoprecipitation as described 

50 below While no product was delected m initial experiments, subsequent experiments showed mat me 
above desenbed coding segment could indeed direct the synthesis of a soluble CD4 adheson variant both 
ip CHO and 293 cells. 



55 Section 3 



A different expression system was initially used for me synthesis and expression of a C04 variant 
lacking completely me cytoplasmic and transmembrane domains. The system uses me cytomegalovirus 
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promoter and can be used in cultured cells of human origin. The first plasmid constructed -for usemm.s 
Tystem contained me entire coding region for C04 and was intended to function as a control m the following 
studies. K 'S referred to as pRKCD4, and was constructed as follows: 

oSVeC04DHFR was digested with EcoRI and Bam Hi and fragment 15 containing the entire CD4 coding 
reoion was isolated. pRK5 (European AppT*atk>n NoT8306386 7) was digested with EcoRI and BamHl and 
foment 16 comprising the bulk of the plasmid recovered by gel electrophoresis, ligated to fragment 5. 
and the ligation mixture transformed into E. coli strain 294. The transformed culture was plated onampo.nn 
media plates and resistant colonies seiecTecTPtasmid ONA was prepared from transformants anc ^cnecked 
by restriction analysis for the presence of the correct fragment. This plasmid is referred to as pRKC04. 



to 



Section 4 
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The next plasmid constructed was designed to direct the expression of the above^entioned I (Sect.on 3) 
secreted derivative of CD4. The coding region of C04 was fused after ammo acid residue 368 of mature 
C04 to a sequence from pBR322 which codes for 9 more residues before a translation termmauon codon 
This removes me putative C04 transmembrane and cytoplasmic domains, which are presumed to anchor 
C04 to the ceil surface. The plasmid is referred to as pRKCD4T. and was constructed as *>»ows: 

pSVeCD40HFR was digested with Hpall. blunted with Klenow fragment and the four dNTPs. and 
digested with BstEll The 382 bp fragment (fragment 17) containing part of the C04 c^ing s^^e was 
recovered by gel electrophoresis. P SVeCD4DHFR was digested with EcoRI and BstEll and the 874 bp 
fragment (fragment 18) recovered. pBR322 was digested with Hindlll. blunted with Wenow fragment and the 
four dNTPs and digested with EcoRI. Fragment 19 comprising the bulk of the plasmid was .solated and 
liqated to Iragments 17 and 18 inTthe ligation mixture transformed into E. coli strain 294. The transformed 
culture was plated on amp,cil!in media plates and resistant colonies selected. Plasmid ONA was^rec^red 
from transformants and checked by restnction analysis tor the presence of the correct fragment. This 
plasmid is referred to as pC04Tint. 

pRK5 was digested with EcoRI and Smal and fragment 20 comprising the bulk of the piasm.d isolated. 
pC04Tint was digested witrTEcoRI amTTcoRV and the 1410 bp fragment containing the C04 cod.ng 
sequence to the Hpall site at n76 bp 3' oTThe initiating codon and the 1 54 bp HindUl-EcoRV fragment of 
PBR322 was recovered (fragment 21). Fragments 20 and 21 were ligated and the ligation m.xture 
transformed into E. coli strain 294. The transformed culture was plated on amptcHKn media plates and 
resistant colonies"se*ec"ted. Piasm.d ONA was prepared from transformants and checked by restriction 
analysis for the presence of the correct fragment. This plasmid »s referred to as pRKCD4T. 
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Section 5a 



in order to create a secreted form of CD4 which could be purified with an anybody directed to herpes 
v«rus type I glycoprotein D. a piasm.d was constructed to express a der.vative of C04T in which the region 
coding for the mature, processed CD4T polypeptide was fused to a sequence coding for the signal peptide 
and the first 27 res.dues of the mature type I Herpes Simplex Virus gO glycoprotein. Th.s piasm.d .s 
referred to as pRKG0C04T. and was constructed as follows: 

pgOTrunc DHFR was digested with EcoRI and Pvull *nd the fragment contain.ng the cod.ng region tor 
the signal peptide and first 27 residues" the mature HSV I gO glycoprotein was isolated (fragment 22). 
PRKCD4T was digested w.th EcoRI and BstEll and fragment 23 containing the 3 end of the C04 cod.ng 
sequence and the pRK5 region was isolated. 

Synthetic oligonucleot.des GO (adaptors 1-2. below) contain.ng the coding sequence of CD4 from me 
codon for the am.no terminal residue of mature C04 to the Rsa s.te at 121 bp 3 of translate .n.t.ation. and 
containing the sequence CTGCTCGAG at the 5' end of the sense strand were prepared (fragment 24) 
pRKC04 was digested with Rsal and BstEll and the 665 bp fragment containing part of the cod.ng reg.on 
for CD4 was recovered (fraglwit 25) and ligated to fragment 24. After digestion w.th BstEll to ensure that 
only monomenc fragment was present, the 724 bo fragment containing both sequences was recovered by 
gel electrophoresis (fragment 26). 
55 Fragments 22. 23 and 26 were ligated and the ligation mixture transformed into E. coji strain 294 me 
transformed culture was plated on amp.allin media plates and resistant colonies selected. Piasm.d ONA 
was prepared from transformants and checked by restriction analysis for the presence of the correct 
' fragment. The sequence of several transformants was checked to ensure that the synthetic insert was 
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correct and that reading frame was preaerved. Thi, plwmid J*-^* * « f ^J 0 ?* 1 " .^kx, 
Th«M dRKS darived olasmids preferably were transacted mto 293S cell, for ataWe exprettwn 
JX^J^S^S^Si (1987? with the ,xc«*on that * i<«^ ^ 
rSaWd axpZnJthe n^yon-reaiaunce gene P*SV neo (Gorman « al. Saanca £«JJ 
I« cotraflstected 293 calls also are used aatiafactority aa boat calls. 2 day, aftar transection, me calls 
^e ^a^tott^d medium (1:1 F12DME supp*mented «ith l^tutamine. p^U^eptomyan 
Z^S) 2 JTmTm. G418 (GentKin ,«««•; G-bco) tor -faction of stab* c*. J 
^ia coning mathowxate as shown by Mue«ng at .1. Cal.s ware ^^^^IS^Z 
CW analogs b/radioimmurxtfredprtat**. Binding studies (section 5c) used 

mesa"il7in the 1:1 F120ME medium. Materials used in infectivity assays (taction 5b) were obtained as 
described in section 8 beta* .. 

a DC 04 adaptor 
CTQCTCGAGCAGGGAAACAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGAC 

aOC04 adaptor 
pACAGGTCAGrrCCACTGTATCCCCTTTTTTGCCCAGCACCACTTTGTTTCCCTQCTCGA 
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Section 5b 

The fo«ow : ng constrtutes a study of the neutralization of HIV-1 inactivity by soluble CM analogs A 
mediation of L neutralization procedure of Robert-Guroff at .... Nature 318:72 ,1985) w« M 
Equal volumes of inhibitor supernatant and virus (60 microliters) ware incubated at 4 degrees C tor 1 ho*, 
men me same volume of H9 (Gallo et al.. Science 224:500. 1984) at 5xl0> ml wa, added «^ '«=ubat,on 
SSSdTi hour at 37 degrees C. Foiling absoTption. 2.5x10' ce..s ,n ,50 micro.it*, were «^erred 
t0 2 mi of incubation media. After 4 days at 37 degrees C. the cultures were split '^^^^ 

ncubated for an additional 3 days. Cultures were harvested, reverse tranacnptase acfvrty was measured 

GrSpmln a, a... A.0S Research and Hunun Retroviruses 3:71 . ,987). and 

Lh HlV-i oo$it.ve serum was determmed as described (Poiesz et al.. Proc. Acad. Nat. Sci. USA 777415. 
^J£ZZZ~» were obtamed from con«uent plate culture, 

or untransfected 293s calls by replacing the growth medium incubaboo medu and to™"* *• 
supernatants 24 hour, later. Inhibitor supernatant replaced part or all of the incubauonj madia during me hr« 
mree days of culture as ind.cated m me second column of Table 3. Challenge dose of virus was 100 
TClL (Groopman at al.. supra) of HIV-i strain HTLV-IIIB grown in H9 cells asaayed in the same system 
^ZZ^cSmm oTrPM. ,640 media contaming 2mM L-glutamme. ,00 M pMn. 100 
myograms ml streptomyon. 2 m.crograms ml poiybrene and 20% fetal calf serum (M.A. Byproducts) 

Table 3 
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ss 



Inhibitor supernatant 


Dilution of 
Inhibitor 


Indirect immunofluorescence 
<% positive cells) 


Reverse transcriptase 
(cpm mix 10 s ) 




supernatant 










mock -trar.sfec ted 

moctx-transfected 

CD4T 

CD4T 

gOCD4T 

gDC04T 


c c c c c c 

1 1 1 1 1 1 


65.3 
612 
0.4 
0.8 
04 
1.4 


6S.5 
61.1 
18.0 
16.1 
26.8 
36.1 


21.8 

18.5 
0.11 
0.15 
0.14 
0.23 


23.9 

28.1 
5.94 
3.72 
9 92 

11.3 



Bom forms of soluble C04 virtually abolished the growth of HIV-1. when .ncubateo with v,rus-.nfec,ed 
ceils without prior dilution (Table 2). A, a dilution of 1:4 the soluble C04 preparation, were only part.aHy 
erfecfve in inhibiting virus growm. however me level of fluorescent-posit.ve cells and < r f"* ,,p "" 
was still significantly lower man cultures recemng mock-transfected cell supernatanta (Table 2). *™» m * e 
was no significant difference in v.rus growm between diluted and undiluted control supernatant,, nor did any 
of me supernatants affect the growm of uninfected H9 cells (data not shown), soluble C04 proteins, present 
■n these supernatants were concluded to be responsible for me neutralization f HIV-i infection of H9 ceiis. 
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Section 5c 

To determine me affinity constant for interactions between op 120 and C04 or C04 variants, saturation 
binding analysis was carried out with soluble C04 (supra) and detergent sotubitized intact C04 (Lasky t »! 

s Cell 50:975 (1087D employing radiotodinated gpl2u"5b*ed with iactoperoxidaae. Binding reacbons con- 
sisted-* «H»120 (3 ng to 670 ng. 2.9 nCi^) incubated tor 1 hour at 0 degrees C with cell lysates 
containing intact C04 (Laskey et ai.. op cit.) or cell supernatant* containing unlabeled C04T or gDCD4T 
prepared as descnbed in section 5a. "Reactions (0.2ml) had a final composition of 0.5X McDougaJ Lyas 
Buffer (McOLB) (1 x McOLB containsO.5 % Nonidet NP-40. 02% Na deoxycholate. 0.12 M NaCL 0.02 M 

to tris-HCl pH 8.0) and were performed in duplicate, both in the presence or absence of 50 micrograms of 
unlabeled purified gpi20 (74 fold or greater excess). Following incubation, bound gpl20 was quanttated by 
innunoprectprtatwn and counted in a gamma counter. For innunc^reopitation, binding reaction solutions 
were preabsorbed with 5 microliters of normal rabbit serum for one hour at 0 C. and cleared with 40 
microliters of Pansortxn (10 % *-v. Calbiochem) for 30 minutes at 0 degrees C. Samples were then 

,3 ,ncubated overnight at 0 degrees C with 2 microliters of normal serum or 5 microliters (02S microgram) o 
0KT4 monoclonal antibody (Ortho) followed by collection of immune complexes w,th 10 microliters of 
Pansorbin Precipitates were washed twice in IX McOLB and once in water, then eluted by eluting at 100 
degrees C for 2 minutes in sample buffer (0.12 M Tris-HCl pH 6.8. 4% SOS. 0.7 M mercaptc«thanoi20 
Glycerol and 0.1*. bromophenoi blue). C04 molecules were bound saturaWy by gpt20. and yielded a 

20 simple mass action binding curve. Supematants from mock^ransfected cells gave a level of specifically 
bound gpi20 less than i% that found for supematants containing soluble CD4. Scatcha/d analysis revealed 
a single class of binding sites on each molecule, with apparent dissociation constants (Kd) of 1.3 x 10 M. 
0 83 x 10-* M and 0 72 x 10"' M for intact C04. C04T and gOC04T. respectively. The values obtained for 
CO4-gpl20 binding in solution are comparable to the affinity previously measured for gpi20 binding to C04 

« on whole cells (Kd =4.0 * 10~ ! M Lasky. Cell, supra ). 



Section 6 

In order to produce secreted der.vatives of CD4 wh.ch are free of extraneous amino acid residues, two 
plasmids were constructed for expression m 293 cells. The piasmids contain C04 genes which have been 
truncated without the addition of extra residues, and are referred to as pRKCD4ANla and pRKC04TP. and 
were constructed as follows: 

Fragment 14 containing the C04 gene with the 195 bp Nialll restriction fragment deleted was iigated to 
fragment 16. which .s pRKS digested with EcoRl and BamHI. The ligation mixture was transformed into E 
coli strain 294. the transformed culture plated on ampicillm media plates and resistant coton.es selected. 
Plasm.d DNA was prepared from transformants and checked by restriction analysis for the presence of the 
correct fragment. The resulting plasmid is referred to as pRKC04AN1a. 

Synthetic DNA was made to attach to the Hpall site at H76bp and which when so attached would 
terminate translation after ammo acid residue 370 of mature C04 (fragment 27). The other end of this 
fragment was designed to ligate to Bam HI restriction fragments. pUCC04 was digested with BstEII and 
Hpall and the 382bp fragment containing part of the C04 gene was recovered (fragment 28). Fragments 27 
and 28 were iigated and then digested with BstEII to reduce dimerized fragments to monomers, and the 
resulting 401 bp fragment was recovered (fragment 29). 
45 pRKC04 was digested with Bstll and Bam HI and the fragment comprising the bulk of the plasmtd 
(fragment 30) was isolated and iigated to fragment 29. The ligation mixture was transformed into E col. 
strain 294. the transformed culture plated on ampicillm media plates and resistant coion.es selected 
Plasmid DNA was prepared from transformants and checked by restriction analysis for the presence of the 
correct fragment. The resulting plasmid is referred to as pRKC04TP Both plasmids are rransfected into 293 
so cells to generate stable variant CD4-expressing cell lines as described above. 
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Section 7 

55 Two plasmids were constructed to direct the expression of secreted CD4 lacking extraneous ammo ac.d 
rescues in CHO cells These are referred to as pSVeC04ANiaSVOHFR and P SVeC04TPSV0HFR. and 
were constructed as follows. 

PE348HBV.E400022 was digested with Pvul and EcoRl and the fragment containing the SV40 early 
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promoter and p«t o. the **ctam.». gen. was recovered ifr.am.nt 3D. p6348HBV.E400022 -a*?*** 
Upvu. rv3B*mHl^me large fragment confining the balance of the J4aciam.se gen. as well as the 
SV40"earty promoter and the OHFR gene was isolated (fragment 32). 

Frlgmems 3 1 and 32 were ligated together with fragment 14 and transformed M. constrain 
The^nTormed cufture was on amc<c,iun media plate, and res-stam 

DNA .as prepared from transformants and checked by restriction analyns for the presence o< tr* correct 
Jaomen" Resulting piasmid is referred to as pSV6C04AN,.SVDHFR. This *™"*™<™ 
ONTfragment encoding the soluble C04 molecule found .n the «t>ove-mentK>r*d pi*sm,d 
oSVeCtMANtaOHFR (Section 2). _ .. 

DRKC04TP was digested with EcoRI and BamHI and the fragment cor.ta.mng the truncated C04 codmg 
reg,on was isoWed and iKjated toTegment. sHnd 32. The Kgation mixture 

sL 294. the transformed culture p*ted on ampidMin media pates and rw^.^ess.^.^ 
Plasm* ONA was prepared from transformants and checked by restriction analysis for the presence of the 
?fr*rnen^Tsu«mg • refers to a, pSVeC04TPSV0HFR. Both of these p^mjds are 

"ansfected -mo CHO cells and amplified transfectants seated by methotrexate us.ng conventual 

procedures. 



Example 2 
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Fusions of me V region of the C04 gene, which is homologous to the variable region of immunoglobulin 
genes (ref Maddon et al. 1985). to the constant (C) region of human immunoglobulin . and y Z chains are 

C ° nS sX^0f^Tma<3e to code for the C region of human , chain (residues 109-214) based on the 
sequence published by Morin et al.. Proc. Natl. Acad. Sci. 82:7025-7029. with the add-on at me 5 end or 
the coding strand of me sequei£e~GGGG. which allows mis fragment to be ligated to the BspMI sitoat me 
end of the putative V-iike region of C04. At the 3 end of the coding region, a translation*, stop codonjs 
added as well as a sequence which allows this end to be ligated to BamHI restriction fragments. The 
synthenc ONA is made in 8 fragments. 4 for each strand, 70-90 bases long. These are then allowed to 
anneal and ligated prior to isolation on a polyacrylam.de gel (fragment 33). 

PRKC04 is digested with EcoRi and BspMI and the 478bp fragment containing the region coding for 
the putative V-l.ke domain of CD4 .$ receded (fragment 34). Fragments 33 and 34 are Ngated together 
with fragment 16 (from the expression vector pflKS). The ligation mixture .s transformed into E. col. strain 
294 the transformed culture plated on ampicllin media plates and resistant colonies selected. Plasm* DNA 
,5 prepared from transformants and checked by restriction analysis for the presence of me correct fragment 
The resulting piasmid is referred to as pRKCD4Ck. 

A piasmid encoding a fusion of me CD4 V-i.ke domain to the human immunoglobulin C>2 region .s 
constructed m a s.m.lar fashion, and is referred to as pRKCD4C,2. Both of these plasm.ds are transited 
.nto 293 ceils, myeloma cells or other competent cells in order to obtain cell lines expressing variant CD4 
molecules as described above 



Expression m CHO Cells 

45 Plasmids were constructed to direct me expression of the immunoadhesons described above in CHO 
cells. These are referred to as pSVeCD4< 7 ,SV0HFR. pSVeCD^tSVDHFR. p SVeCD4 #47 iSV0HFR. 
pSVeC04 u> iSV0HFR. pSVeCD4 4Jr $VDHFR and pSVeCD^SVDHFR. 

Fragment 31 was prepared as described above. Fragment 32a was prepared by digesting piasm.d 

so pE348HBV E400 022 with BamHI. blunting with Klenow fragment and the four dNTPs. then digesting with 
Pvul Plasm,ds pRKCD4 4> rpRKCD^,. pRKCt^i. pRKCD4^i. pRKC04«, and pRKC04, M were 
separately digested w.m HindlH. blunted with Klenow fragment and the four dNTPs, then digested with 
fcofl/. The resulting DNA "fragments were ligated together with fragments 31 and 32a and transformed mto 
E. coti strain 294. Colonies were selected and checked for me presence of the correct piasmid as above. 

55 men transfected into CHO ceils and amplified by methotrexate selection using conventional procedures. 



Example 3 
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^ a . Exlmole , wiS punfied rom cell culture fluid r.ontam.ng e.ther 
The 0DCD4T secreted by M fl ^*J^ e lS£* ceH cutture fluid was first concentrated by 
,0% FBS «eUU bovine serum, or ^SJS^2S1^ immunoaffinity cciumn was P"«£<* 
uttrafiltrauon then purified by .mmunoatfir^ ™ t ^ y HS V-1 gO portion of the QDCD4T 

coupUng murine monocK^ «*body SM „ at ai. 1984. The concen tf «»dce 
molecule) to gtyceryt coated controlled pore gia» uy '^ MMnina6M . orote^s are washed away wrth neutral 
Xe Id directs to the ^J"£ZZT2& te^emy.arnmon.m chjonde 

pH buffer. The column is ^ T^^gDCWT is eiuted from the co.umn with buffer 

SmM » buffer contain, * ^Sli. lately as it is «M The eu «* 

Z££ " £»S « 4' C * 0.1M sodium ^^^^Lnce of a stabler me gOC04T 
Twin 80 or giycoro. as candidate stabrtzers ^ eo-70% of the protein was 

- ^ ^^s^rBSA^d that about 100^80^ 

Soluble However, use of 0.1S w ™ J~J* ( °., oenod Surprisingly glycerol was .neffettve as a 
««letiveiy of the g0CO4T remamed soluble over ft« oenod- JxJ 80% of the gOC04T was 

^SSTSd "produced results inferior even to the control-at 8 days aooui 



•t»*wit26r ana pi w www — 
legated when ^ .n me presence of glycerol 



Example 4 



_ constructed to direct the expression of proteins containing differing lengths of the amino- 
Pl ^ m exv^uiaf domain of C04 fused to the constant region of human immunoglobulin These 
l ^dS are^red I to as pRKC04^i. pRKCOe^i. pRKCOe^,. pflKCCM^,. pRKCD4 1>( . and 

pRK oMmW* P^N contains the portion of the C04 gene from the initiation codon to the fusion site 
P 7~ codon t^ne r6Slde 366 of the mature CD4 polypeptide, immediately followed Oy the sequence 
attef tor the 4tam region of human immunoglobulin 7 1. starting at the codon for serine residue M4 of 
COb tur 9 e human *"*>9<obu*> (Kabat 0t a/.). 
35 ma w wasmi a pf04^ > ; contains the portion of the CD4 gene from the initiation codon to the fusion site 



me coder iysioe residue 360 of the mature C04 polypeptide, immediately followed by the 
sequence co 




atter c0 o|r me constant region of human immunoglobulin 7 1. starting at the codon for serine 

e "uman immunoglobulin y\ (Kabat ef •/.). 

reS >^\asm»d pfei>l contains the portion of the CD4 gene from the initiation codon to the fusion site 
o tne cod^lutamine residue 180 of the mature C04 polypeptide, immediately followed by the 

a ^ er ^^ e Qot the constant region of human immunoglobulin >l. starting at the codon for serine 
se< * ^4 0* human immunoglobulin ?i (Kabat ef i/.). 

resl p Vasr tMd £j>i contains the portion of the C04 gene from the initiation codon to the fusion site 
the co<1eucine residue 177 of the mature C04 polypeptide, immediately followed by the 
45 * uehce ccthe constant region of human immunoglobulin T 1. starting at the codon for serine 
S idue i 14 ' human immunoglobulin y \ (Kabat ef */.). 

r0 ptasfh^ ^ 1 contains the portion of the C04 gene from the initiation codon to the fusion site 
Her the cooartic acid residue 105 of the mature C04 polypeptide, immediately followed by the 
3 uehC* cthe constant region of human immunoglobulin >l. starting at the codon for serine 
W Residue 1 immunoglobulin y ) (Kabat et al.) 

f p\asm«d 7 i contains the portion of "the CD4 gene from the initiation codon to the fusion site 
ner ine cOC,ne resi<3ue 100 °' th6 mature C04 polypeptide, immediately followed by the 
uence oe constant region of human immunoglobulin y\. starting at the codon lor serine 
tesidue H^^an immunoglobulin ?l (Kabat et a/.). 
55 Const'"** piasmids required the pnor construction of plasmid pRKCD4TP^l it was 
consvuctec 

* cON<g 'or human immunoglobulin >1 was obtained from a human spleen cONA library 
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cites and resistant colonies selected. Plasmid ONA was prepared from the trar^onwtt ^ !^7, m V 

eomprwng 24 "^"^^^ NHj .,ermina. 8 residues of me desired immunoglobulin 

iST^JlSSS^ wTJ?ormed M E. co» strain SfllO, and me formed cuttures 
S V) on7mS.,„ media plate,. Resistant c««i were seated and crown 

^ __ H ^ a " vlflUi sftcr eted encapsidated single-stranded templates of pRKC04TP 7 i. The single- 
SwrSied^o^ as £ tempW. for -^-^^6^^ 
ougonuciides described above as primer,. ™«Qenes,s ^TZSZ b SI 

and the transformed culture plated on ampicillin media plates. Transforms l 6m *rs « 

hybndi*at.on (re.. Grunstein-Hogness. for the presence of me appropnate ^^ *2n !Z,lZ 
™^* s These I6mers comprise 8 bases on eimer side of the fusion site, and me hybnd.zation conditions 
^.SKTEU ma, me probes only detec. the correctly »used product. C*nj. 
!7 JXitiwP J»e selected and plasmid ONA was isolated and transformed into 6. coh strain 
SSTlS KSrJToTS riJTil on amp.ci.lin media ptate, and res,s«an, co*™ were 
^ted^ g^ne presence of m l3 K07 bacteriophage. Temp.ates were prepared as above and 

"T^mT^.ans.ected into 293 cells using standard procedures and assayed for expression 

and production as described above. 
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Expressed 


Secreted 


pRKCD4., 7 1 






pRKCCMi^i 


+ 




pRKC04«2 7 i 


+ 


♦ 


pRKCD^i 






pRKCD^i 


♦ 




pRKCD^l 


♦ 





P1 asm,ds also were constructed to direct me expression of fusion ^""T* o 
me amino-termmal. extrace.lu.ar domain of C04 fused to the truncated portion of the constant reg.on of 
human .mmunog.obu.in ,1 . composing only the h.nge region and constant domains CM, and CM* 

Synmetic oligonucleotide, were made as primer, for mutagenesis reacts to detettM me m 
munogtobui-n sequence from Serii4 ,o Cys2i5 inclusive (Kabat «t a/.). These « 6 '"^"£" 4 £ 
m,rs composing 242, nuclides on each side of the desired fusion site .i.e.. 
,e,m,na. 8 residues of me desired CD4 mo.ety. and me NH 2 ,term.nai 8 rescues of ma 
munog.obu.in m«ety>. PUumids P RKC04 4 ,,. pRKC04„, and ^^^ W ?^^o^Zl 
into E coli strain SR101 and the transformed culture plated on amp.c.ll.n med.a plates. Transformers were 
screened by cotony hybridization (Grunstein-Hogness, for the presence of me approbate fusion srte. using 
,6mer, as probes. These I6mers comprise 8 bases on either side of the ft;;.on ,.te. and me ******* 
conditions chosen were sufficiently str.ngent that the probes only detect ^Jf^^^jT^ 
Coton.es identified as positive were selected and plasm* ONA was .so.ated ™J»«°£*^J* 
stram SRiOi. The transformed cuttures were plated on ampicillin media plates, and resistant colon*, ^were 
selected and grown m the presence of mi3K07 bacteriophage. Templates were prepared as above and 

"^Tp^dVZ from p.a,m,d pRKC04.„ , referred to as pRKCOW m« der.ved from ^ 
PRKC04,,, .s referred to as pRKCDVc and mat der.ved from p.asm.d pRKCW,,, -s referred to as 



20 



EP 0 314 J17 At 



pRK pl^C04^,. PRKCD4,*, end pRKCD4«* f are cultured in the same fashion as described above and 
CHI -deleted C04 immunoadhesons recovered as described elsewhere herein. 



Light Chain Fusions 

Ptasmids were constructed to direct the expression of proteins containing differing lengths of the amino 
terminal, extracellular domain of CD* fused to the constant region of human immunoglobulin These 
jo olasmids are referred to as pRKC04«». and pRKCOW 

Piasmid pRKC04 4 , contains the portion of the C04 gene from the initiation codon to Jhefusw sue 
after the codon for senne residue 366 of the mature C04 polypeptide, immediately followed by the 
sequence for the constant region of human immunoglobulin starting at the codon for threonine residue 
109 of the mature human immunoglobulin *. (Kabat et •/.). . 
, 5 Piasmid pRKCD4«4« contains the portion of the C04 gene from the initiation codon to the fusion site 
after the codon for lysine residue 360 of the mature C04 polypeptide, immediately followed by the 
sequence for the constant region of human immunoglobulin starting at the codon for threonine residue 
109 of the mature human immunoglobulin « (Kabat ef a/.) 

These piasmkJs were constructed in a manner analogous to piasmid pRKC04 7 i described above, with 

20 the following exception: «... 
The human immunoglobulin , coding sequence <Rg. 5) was obtained from a human spleen cONA 
library (Ctontech Laboratories. Inc.) using oligonucleotides based on the published sequence (Hieter. PA er 
al Cell 22 197-207 (1980J) and an £co*ABspM! fragment containing part of the vanable region and the 
entire constant region was obtained. This fragment was blunted with Klenow fragment and the four dNTPs. 

25 This fragment was used instead of fragment al. and was used to construct piasmid pRKC04TP tu. 

Example 5 
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Culture. Purification and formulation of C04 variants 



Pias n.ds encoding CD4T. prolyl terminal (C04TP). or C04T immunoadhesons were caicum phosphate 
transfe ted into CHO-0P7 (a promsuiin-transformed autocrine host cell derived from CHO: U.S.S.N. 97.472) 
and the transformants grown in selective medium <i:i HAM F12DMEM GHT" containing 1- 0% 
diafiltered or dialyzed bovine serum). Other suitable host cells are CHO cells or 293s human embryonic 
kidney cells The transformants were subcioned into the same medium but containing 500 nm methotrexate. 
A subclone capable of secreting C04T. CD4tp 500 b. was selected. C04tp 500 b is cultured m a 
DMEM/HAM F12 medium at about 37' C until CD4T accumulates in the culture, after wh.ch the medium is 
separated from the ceils and insoluble matter by centnfugmg. 

Culture fluid from C04TP transformants was concentrated and diafiltered to lower the »on.c strength. 
The concentrate was passed through a large volume of Q-Sepharose anion exchange resm (previously 
equilibrated with 25 mM NaCI. pH 8.5) in order to adsorb contaminants from the culture fluid. The 
isoelectric point of CD4TP is about 9.5. thus making it possible to discriminate between truncated forms of 
C04 and most contaminants by alternate adsorption, respectively, on a cation exchange resin such as 
carboxymethyl or sulfonyl Sepharose. and an anion exchange resin such a quaternary ammonium 
Sepharose. in addition, since highly electropositive domains are present in the extracellular segment of CD4 
so and C04-containing variant is purified in the same fashion as CD4TP. The unadsorbed culture fluid from the 
anion exchange res.n step was then passed through a cation exchange res.n (previously equilibrated with 
25 mM NaCI at pH 8.5) whereby C04TP was adsorbed to the resin. The C04TP was eluted with a NaCI 
gradient at pH 8 5. this CO variant eluting at about 0.2 mM NaCI. Ammonium sulfate was added to the 
eluate to the concentration of 1.7M and the solution passed through a column of hydrophobic interaction 
55 chromatography resid (phenyl or butyl Sepharose). The C04TP was eluted from the hydrophobic interaction 
column with a gradient of ammonium sulfate, the C04TP emerging at about 0.7M ammonium sulfate. The 
eluate was concentrated and buffer exchanged on a G-25 column using phosphate buffered saline 
containing 02 % (w v> Tween 20 or Tween 80. The CD4TP was soluble and stable m this solution, which 



21 



^ fi * ltod 11 ^.',8 „ kouMof formulatioiv Other polymeric nomrtc surfactants are 

all tour V regions of CD4. 

Example 6 
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th* rhAr^tenstics o* several adheson variants were determined. As shown in table 4 the .mmunoad- 
^ TS^ri 7t^mpro«d plasma harMife in rabbrts. coupled with hsgh-anlnity gpl20 
2ft :^icT^ ^ned with U937 cells, that ,s compel to that of bu* 
human lgG> 

Table 4 
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gpl20 KD 
(nM)# 


Fc^R KD 
(nM)* 


Plasma Half-Life" " 
In Rabbits <Hrs.> 


CD4T 1 
CD4 4> 1 

C042 7 1 

human IgG 


2.3 £ 0 4 
1.2:0.1 

1.4 i 0.1 
NO 


2.83 £ 0.25 
3.01 £ 0.68 
3.52 £ 0.5 


025 
6.4 
40.6 
21 days* 



"J. Immunol. 



" determined in humans 

' KD was determined by the method of Anderson ef a/.. 
125.2735-2741 (1980). ^ M ^ 

♦ determined by the method of Smith etaL "Science" 238:1704-07 (1987). 

S residues 1-368 only 

♦ ♦ The adheson variant was injected intravenously into rabbUs and samples 
of Wood were collected periodically and assayed for the presence of the 
adheson variant. 
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Claims 

so 1 . Nucleic acid encoding an amino sequence variant of an adheson 



1 . r<iuiion o^»u oMwwwi-y — ' - 

2 The nueie.c acid of claim i wherem the adheson is a CD4-po*ypept.de ~ 

3 The nucie.c acid of claim 2 wherein the variant is a C04 polypeptide m wn,ch nbcle* aod eflco*.* 
me iwZJSZ* domain has been modifed whereby the CD4 polypeptide encoded thereby contains an 

inactivated transmembrane domain. k« nmetion 

4 The nucleic acid of claim 3 wherein the transmembrane domain has been '"aerated * <« *Ha*on 
or by substitlg for the transmembrane domarn an am.no acid sequence having a substanaaily hydroph.nc 

hydropathy profile 
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5. The nude* ao<J of cl*m 2 wherein the variant comprises a fusion of <a> a poiypepWe different from 
^ the pcypep^de different from the C04 bears a non-CD4 immune 

^TThe nucleic acid of claim 6 wherein the polypeptide different from CD4 is fused to the am.no or 
cartooxyl terminus of mature C04 and the transmembrane domain of CD4 has been inactivated. 
8 The nude* acid of claim 5 wherein the different polypeptide comprises a signal sequence. 
9 : The nude* acid of claim 5 wherein the differen polypeptide contains about from 5 to ™<*»«^ 
10. The nude* acid of claim 9 wherein the different polypeptide is capable of abating a humoral 

m TZ^c^7L 10 wherein the different polypeptide is a viral po.ypept*e or an alfcrgen. 

\Z. The nucleic acid of claim i wherein the different polypeptide is a humar. plasma protein having a 
olasma half life greater than from which the transmembrane domain has been deleted. 
P T 3 Z Z£*Z* of claim 12 wherein me variant is a fusion of a po.ypeotide comprising at least one 
v-like domain of C04 fused wim a polypeptide composing an immunoglobulin constant domairv 
14 The nuc*.c acid of claim i wherein the adheson is CD4. C08 or the high atfnity IgG receptor 
io. The nucleic acid of claim 2 wherein me variant consists essentially of the V« through V* or v- 
through V 2 regions of the C04 antigen. 

16 The nucleic acid of claim 2 which consists essentially of the CD4 insert of pCD4ANia. 

17 The nucietc acid of claim 12 wherein the differen polypeptide is albumin, a lipoprotein or transferrin. 

18 The nucleic acid of claim 8 wherein the signal sequence is a bacterial signal sequence. 

19 The nucleic acid of claim 15 wherein the vanant consists essentially of C04 residues 1-368. 

20 The nucleic acid of claim 16 wherein the variant consists essentially of CD4 residues 1-160. 

21. The nucleic acid of claim 13 wherein the immunoglobulin constant domain is the constant domain of 
an IgG heavy chain. 

22. The nucleic ac.d of claim 5 wherein the different polypeptide is a cytotoxic polypeptide. 
23 The nucleic acid of claim 5 wherein the cytotoxic polypeptide is a dipthena toxin A. 

24. A composition comprising an adheson amino acid sequence variant which is incapable of cell 

membrane anchorage. ^ , 

25. The composition of claim 24 wherein me adheson variant composes a C04 am.no ac.d sequence 

capable of binding gpi20. , ^ 

26. The composition of claim 25 further comprising an agent for inhibiting the aggregation of me variant 
selected from the group of a predetermined protein and a surfactant. 

27 The composition of claim 26 wherem the agent is a surfactant. 

28 The composition of claim 27 wherem the surfactant is Tween 80 or Tween 20. 

29 The composition of cla.m 25 wherein me CD4 transmembrane domain has been deleted or has 
been substituted for by an amino acid sequence hav.ng a substantially hydroph.lic hydropathy profile. 

30. The compos.tion of claim 29 which is sterile and which further comprises a physiologically 

acceptable earner. 

31 The composition of claim 25 where.n me variant comprises an immunoglobulin am.no add 

sequence. M 

32. The composition of claim 31 wherein the .mmunogtobut.n sequence comprises a constant domain 

sequence of an immunoglobulin heavy chain. 

33. The composition of claim 32 wherein me constant domain is linked at its N-termmus to me c- 
45 terminus of a transmembrane-deieted C04 polypeptide. 

34 The composition of claim 33 wherein me C04 polypeptide contains V- V 2 . 

35. The composition oi claim 33 wherein the C04 polypeptide, contains V* VzVjV, 

36. The composition of claim 31 wherem the the variant is m me form of a dimer. 

37 The composition of claim 36 wherein me composition comprises a fusion of a C04 V-I.ke domain to 
so an immunoglobulin heavy chain constant domain. 

38 The composition of claim 24 wherein me variant is selected from the group consisting of 

(a> AC t 

(b) AC t -AC w . 

(c) AC*-{AC«. AC l -ACh. AC l -V m Ch. V.Ct-ACn, or V L CfV«C H ]; 

55 (d) AC t -ACH-[ACH. ACc-ACh. AC,-V h C«. V v C c -ACh. or V.C-VhCm]; 
<e) AQ-VwCm-IACm. AC-ACn. AC l -V*C*. V t C t -AC«. or V l C v -V m Cm]: 
{M V L C t -AC H -{ACH. AQ-ACm. AC,-V«C«. V l CcACm. or V.C-VmCh] 
or 
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^X^L**** coning . C04 van** '^^^^ £ 
hght of hwvy ch«m variable or constant doma.ru of an immunogtobuhn: n .s an .meger. and Y donates 

*• rr £££ ssr s si. VL v . M M ^ . — 

^"^composition of claim 31 wherein me immunoglobulin sequence obtained from igGi. lgG2. 
^ 4X £££ S 25 wherein the variant comprises a po.ypept.de CM. "om CD4 wh,ch 
i$ T^3S^Tcfaim 41 serein the vanant comprise, a po.ypep«de wh,ch is imrnunogen,c ,n 
""Tlr* composition of claim 41 wherein the variant comprises a polypeptide hav*g a human plasma 
5 ^S&?«S? "SSn the variant composes a human transfernn. apo.ipopro,«n or 
album.n^y^podr ^ variant comprises a cytotoxic polypeptide 

2 £ Z£L» 0. claim 45 where,n the cytotoxic polypeptide is nan A ^f^omK 
47 comprising a C04 amino acid sequence capable of b.nd,ng gp120 when ,s Cross- 

lin** to PSSpwH. Svin? a plasma haff Me of greater man about 20 hour, or <b» a cytotox* 

P ° IV 5rnl polypeptide ol claim 47 wherein the polypeptide of (a) transferrin, an apohpoprotein or 

""""ST'Th. polypeptide of claim 47 wherein th. cytotoxic polypeptide is cross-«nxed to the C04 variable- 
« like domain bv a afunctional cross-linking agent 

sTa meLd for preparing an adheson variant comprising transfecting a host cell w,th the nucfrc acd 

°' ' sTa method for prepanng an adheson variant comprising recovering me vanant from me culture of a 
host cell transfected with the nucleic acid of claim 1 
* 5 2 T he method of claim 51 wherein the adheson is CD4 and the variant is recovered from the culture 

^S^Tr^^ 52 wnere.n the vv.ant is recovered by adsorption onto a cation exchange 

r8S, 54. The method of claim 53 wherein the variant is recovered by adsorption of contaminants onto an 

35 anion exchange resin. . 

55 The m emod of claim 52 wherein the variant lacks a functional transmembrane domain. 

56 The method of "•aim 52 wherein where.n a salt is added to the culture medium to occupy charged 
domains of the variant the resulting solut.on is contacted with a hydrophobic affinity <*™^W™" 
to adsorb the variant, and the variant e.uted from the resin by wash.ng the resin with a deci.nmg gradient of 

40 57 The method of claim 52 wherein the variant is recovered by immunoaffinity chromatography. 

58. The method of claim 57 wherein the immunoaffinity chromatography is directed against a 
polypeptide different from C04 which is fused to C04. ^ ^ 

59. A method for the treatment of an HIV infection comprising administering to a pat.ent .nfected with 
45 HIV a therapeutically effective dose of an amino acid sequence variant of CD4. 

60 A repiicable vector comprising me nucleic aod of claim 1 

61 A process which comprises the preparation of nucleic acid according to any one of da.ms 1 to 23. a 
composition according to any one of claims 24 to 46 or a polypeptide according to any one of cla.ms 47 to 
49 
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